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ABSTRACT. We report on the effects of light depolarization induced by sharp metallic tips
in Tip-Enhanced Raman Spectroscopy (TERS). Experiments on Si(001) and GaAs(001)
crystals show that the excitation field depolarization induces a selective enhancement of
specific Raman modes, depending on their Raman tensor symmetry. A complete polar-
ization analysis of the light backscattered from the tip confirms the TERS findings. The
spatial confinement of the depolarization field is studied and its dependence on the excita-
tion wavelength and power are explored.
1. Introduction
Tip-Enhanced Raman Spectroscopy exploits plasmon resonances, localized at the apex
of metallic tips, to enhance and confine the electromagnetic field on the 10nm scale [1,
2]. Polarized TERS offers additional opportunities for signal contrast increase [3, 4, 5],
nano-crystallography [6] and studies of the molecular arrangement at the nanoscale [7]. A
detailed knowledge of the local electromagnetic field is, however, required to assess current
results.
To this aim we have carried out a complete polarization analysis to determine the
Stokes vector and the degree of polarization (DOP) of the light scattered from the tip,
for s-polarized excitation at two wavelengths (458 and 514.5 nm)[8]. We find that gold
tips convert the totally polarized laser field into a partially polarized one, and that the
light scattered at 514.5 nm is less polarized (DOP=0.5) than the one scattered at 458 nm
(DOP=0.75). Moreover, about 20% percent of the s-polarized excitation is transformed
into p-polarized one. Similar results are found at 633nm [9].
2. Results and Discussion
A striking consequence of the excitation field depolarization is the selective enhance-
ment of the T2g Raman mode at 520 cm−1 (×20 amplification), with respect to the 2-
phonons mode at 980 cm−1 (×3.5 amplification), that can be observed comparing the
polarized TERS spectrum of Si(001) (Fig. 1, black line, tip in contact with the surface)
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Figure 1. TERS spectrum of Si(001) (black line) compared to the Raman spec-
trum (grey line). In both cases the s-polarized component of the Raman scatter-
ing is acquired with an excitation field s-polarized.
with the corresponding Raman spectrum (Fig. 1, grey line, tip retracted by several mi-
crons) [8, 9, 10]. In both cases we use s-polarized excitation, with field parallel to the
[100] crystallographic axis, combined with detection of the s-polarized component of the
Raman scattering. This configuration is of particular interest since it permits to suppress
by a factor higher than 10 the Raman scattering at 520 cm−1 (Fig. 1, grey line) when the
tip is far from the sample, the so-called far-field background in TERS [4, 5]. Given the
different symmetries of the two modes [4, 11] we can attribute the enhancement of the T2g
mode to depolarization and the 2-phonons mode to field enhancement [8, 10]
Similar results were found for GaAs(001) [12] in which we measure a ×5.6 enhance-
ment of the LO-mode at 292.5 cm−1 in the TERS spectrum (Figure 2, green line) with
respect to a ×1.6 enhancement the TO-mode at 270 cm−1. The two modes, again, feature
different polarizability tensors.
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Figure 2. (green line) TERS spectrum compared to Raman spectrum (black
line) of GaAs(001). In both cases the sample is excited with an s-polarized field,
parallel to the [110] crystallographic axis, detecting the p-polarized component
of the Raman field.
By monitoring the TERS intensity Vs the tip-sample distance we show that the depolar-
ized field extends over several hundreds of nm. We find that the effect is power-dependent
with a threshold at around 3 mW [8]. Beam deflection due to scattering from the tip shaft
is also shown to play a relevant role in the interpretation of the signals [12].
References
[1] B. Pettinger, B. Ren, G. Picardi, R. Schuster, G. Ertl, Phys. Rev. Lett. 92, (2004) 096101
[2] A. Hartschuh, E.J. Sanchez, X.S. Xie, L. Novotny, Phys. Rev. Lett. 90, 095503 (2003).
[3] V. Poborschii, T. Tada, T. Kanayama, Jpn. J. Appl. Phys. 44, L202 (2005).
[4] R. Ossikovski, Q. Nguyen, G. Picardi, Phys. Rev. B 75, 045412 (2007).
[5] P. G. Gucciardi, M. Lamy de La Chapelle, J.-C. Valmalette, G. Picardi, R. Ossikovski, in Scanning Probe
Microscopy in Nanoscience and Nanotechnology, Ed. B. Bhushan, pp. 56-88, Springer, New York (2010).
[6] S. Berweger, C. C. Neacsu, Y. Mao, H. Zhou, S. S. Wong, and M. B. Raschke, Nat. Nanotechnol. 4, 496
(2009).
[7] M. Chaigneau, G. Picardi, R. Ossikovski, Int. J. Mol. Sci. 12, 1245 (2011).
[8] A. Merlen, J. C. Valmalette, P. G. Gucciardi, M. Lamy de La Chapelle, A. Frigout, and R. Ossikovski, J.
Raman Spectrosc. 40, 1361 (2009).
[9] P. G. Gucciardi, M. Lopes, R. Deturche, C. julien, D. Barchiesi, and M. Lamy de La Chapelle, Nanotechnol-
ogy 19, 215702 (2008).
Atti Accad. Pelorit. Pericol. Cl. Sci. Fis. Mat. Nat., Vol. 89, Suppl. No. 1, C1V89S1P042 (2011) [4 pages]
C1V89S1P042-4 P. G. GUCCIARDI ET AL.
[10] P. G. Gucciardi, F. Bonaccorso, M. Lopes, L. Billot, and M. Lamy de La Chapelle, Thin Solid Films 516,
8064 (2008).
[11] A. Zwick and R. Carles, Phys. Rev. B 48, 6024 (1993).
[12] P. G. Gucciardi, J.-C. Valmalette, Appl. Phys. Lett. 97, 263104 (2010).
a CNR-IPCF, Istituto Processi Chimico-Fisici
Viale F. Stagno D’Alcontres 37
I-98158 Messina, Italy
b Universite` du Sud Toulon Var
CNRS, IM2NP (UMR 6242)
BP 20132, F-83957 La Garde Cedex, France
c Institut Charles Delaunay-CNRS FRE 2848
Laboratoire de Nanotechnologie et d’Instrumentation Optique
Universite´ de Technologie de Troyes
12 rue Marie Curie, BP2060, 10010 Troyes, France
d Laboratoire de Chimie, Structure et Proprie`te`s des Biomate`riaux et d’Agents The`rapeutiques
Universite´ Paris 13
UFR SMBH, 74 rue Marcel Cachin, 93017 Bobigny, France
e LPICM, Ecole Polytechnique, CNRS
91128 Palaiseau, France
♮ Present address : Engineering Department, Cambridge University, Cambridge CB3 0FA, United Kingdom
♯ Also at: Dottorato in Fisica dell’Universita` di Messina, V.le F. Stagno D’Alcontres 31, I-98166 Messina, Italy
† Also at: NCSR, School of Chemical Sciences, Dublin City University, Dublin 9, Ireland
∗ To whom correspondence should be addressed | Email: gucciardi@me.cnr.it
Paper presented at the ELS XIII Conference (Taormina, Italy, 2011), held under the APP patronage;
published online 15 September 2011.
© 2011 by the Author(s); licensee Accademia Peloritana dei Pericolanti, Messina, Italy. This article is
an open access article, licensed under a Creative Commons Attribution 3.0 Unported License.
Atti Accad. Pelorit. Pericol. Cl. Sci. Fis. Mat. Nat., Vol. 89, Suppl. No. 1, C1V89S1P042 (2011) [4 pages]
